The success of an e-learning system depends strongly on understanding the factors that influence students' use and acceptance of this kind of system. Technology acceptance models (TAMs) are frequently used in studies investigating the determinants of adoption and usage of new technologies. Drawing on the findings from extant literature on technology acceptance, this study developed and tested a multiple mediator model using TAM3 framework and concepts. The model was tested on a sample of 220 students using Structural Equation Modeling and serial multiple mediation analysis. The study proved that perceived ease of use and perceived usefulness mediate sequentially the relationships between the four external variables -social influence, facilitating conditions, selfefficacy, perceived enjoyment -and behavioral intention to use the e-learning system . The empirical results provide support for the proposed model. The results indicate that the TAM is a theoretically sound model which can be used to predict students' behavioural intention (BI) to use e-learning systems.
Introduction
E-learning has become a potential alternative to traditional face-to-face type of learning. It generally refers to the use of computer network technology, primarily over an intranet or through the Internet, to deliver information and instruction to individuals [22] . However, simply providing learners with a web-based learning system does not guarantee a successful e-learning [8] . The success of an e-learning system depends on understanding the factors that influence the students' acceptance of such learning systems. Technology acceptance models and theories are frequently used in studies investigating the determinants of adoption and usage of new technologies.
A well-known model aiming to explain and predict individual adoption and use of information technologies (IT) is Technology Acceptance Model (TAM), developed and validated by Davis [11] , and Davis, Bagozzi and Warshaw [12] . TAM has three key variables: perceived usefulness (PU), perceived ease of use (PEOU), and behavioural intention (BI) to use. The two core beliefs, PU and PEOU, are main determinants of an individual's BI to use a technology. The PU and PEOU are influenced by a number of external variables such as user characteristics and system features. TAM further theorizes that the effects of external variables on BI will be mediated by PEOU and PU [12] .
The original model was revised and extended with new variables (TAM2 [42] , TAM3 [41] ) in order to provide a broader view and a better explanation of technologies adoption. The TAM and its subsequent extensions has been applied and tested in many studies, including in e-learning contexts.
However, little research has been done to focus on the actual mediating role of core beliefs and few studies have tested whether PEOU and PU mediate external variables (e.g., [1, 5, 7, 31, 40] ). Recent research emphasized that there is limited empirical examination of the social factors, organizational factors, and individual factors that may affect the user adoption and acceptance of e-learning systems [36] .
The current research attempts to address the inconsistent findings on mediating role of core beliefs in TAM and to apply advanced statistical methods for inferences about mediated effects. This study investigates acceptance of e-learning systems in Romanian context, using the TAM3 framework. Also, advanced statistical methods (e.g., Structural Equation Modeling, bootstrap method) have been applied within this research.
This study is one of the first attempts to test and prove by advanced methods the mediating role of core beliefs in the technology acceptance models.
The paper is organized as follows. Section 2 briefly reviews theoretical framework. Section 3 describes the proposed research model and hypotheses, and Section 4 presents research methods. Section 5 shows results, which will be discussed in Section 6. Finally, Section 7 summarizes the main conclusions.
Theoretical Background
Davis [11] and Davis, Bagozzi & Warshaw [12] developed the TAM to explain the user's behavioral intention to use information technologies (IT) in the workplace. TAM postulates that individuals' behavioral intention to use IT is determined by the joint action of two core beliefs: Perceived Usefulness (PU) and Perceived Ease of Use (PEOU). PU refers to "the degree to which a person believes that using a particular system leads to increased performance of its activities", while the PEOU is "the degree to which a person expects that using a particular system to be without effort" [12] . In addition, PU is influenced by PEOU while all other influences remain equal, then the easier to use a system, the more useful the system is [11] .
It further theorizes that the effects of external variables on intention to use will be mediated by PEOU and PU. The external variables are determinants /antecedents that provide a better understanding of what influences PEOU and PU. As noted by Legris, Ingham & Collerette [24] , their presence guides the actions required to influence a greater use.
TAM has been extensively applied to understanding and explaining users' intention to accept and use a wide range of technological innovations across different users groups in various contexts, including e-learning environments. TAM has also been the subject of several meta-analyses and literature review (e.g., [24, 45, 4, 18] ).
Many studies extended TAM with additional variables as determinants of TAM core beliefs (see [45] , for a review). Venkatesh & Balla [41] combined the model of determinants of PU, TAM2 model [42] and the model of the determinants of PEOU [40] , and developed an integrated model of determinants of individual level IT adoption and use (TAM3). They synthesized previous research on TAM and developed a theoretical framework that identified four different types of determinants of PEOU and PU: individual differences, system characteristics, social influence, and facilitating conditions.
Research Model and Hypotheses
This study proposes an acceptance model in educational context based on the theoretical framework of TAM3 and the literature review. The model integrates the key constructs of TAM (PU, PEOU, and BI) with antecedents (external variables) found to be important predictors of the key constructs in other technology acceptance studies.
As shown in Figure 1 , the model posits that four antecedents will directly influence PEOU and PU. Further, the impact of the antecedents on behavioral intention (BI) to use the elearning system is hypothesized to be fully mediated by PEOU and PU. This specification is taken from TAM, and has been supported by some studies. In addition, the effects of these antecedents on BI to use are sequentially transmitted through PEOU and PU. Social influence (SI) was defined as the degree to which an individual perceives that important others believe he or she should use the new system [43] . According to Cheng [8] in an elearning context, when individuals perceive that their important referents (e.g., friends, colleagues) think they should use the e-learning system, they will further incorporate the referents' beliefs into their own beliefs. Previous studies revealed that SI is an important antecedent of BI to use ( [2, 19, 27, 30] , an antecedent of PU ( [8, 19, 21, 23, 39] , and an antecedent of PEOU [23] .
Facilitating conditions (FC) was defined as the degree to which an individual believes that an organizational and technical infrastructure exists to support use of the system [41, 43] . In this study, facilitating conditions are the resources (e.g., computers, networks, technical support) in a university that help students perform their tasks and achieve their learning goals. Previous studies showed that organizational support was associated with PEOU and PU [19, 22, 23] .
Self-efficacy (SE) reflects one's beliefs about the ability to perform particular tasks successfully. IT researchers have defined computer self-efficacy as self-assessment of individual ability to apply computer skills to complete particular tasks [10] . In this study, SE is interpreted as learner's self-confidence in his or her ability to learn in the e-learning environments. Many studies indicate that individual factors, such as the self-efficacy, have a significant effect on the way that users perceive e-learning systems and, subsequently, on their desire to accept it [8] . In previous studies SE has been shown to influence PEOU [9, 20, 23, 30, 44] . Also, studies have empirically examined that SE can be an important factor affecting PU [29, 30] .
Perceived enjoyment (PENJ) was defined as the extent to which the activity of using a specific system is perceived to be enjoyable in its own right, apart from any performance consequences resulting from system use [40] . Prior research proposed enjoyment as a determinant of behavioural intention [13, 28] and as a determinant of ease of use [40] . In an e-learning context, perceived enjoyment has been shown to influence PEOU and PU [44] , and directly BI to use [8, 9] .
The influence of PEOU on PU in TAM research has been empirically confirmed in literature [13] . There is extensive empirical evidence that PEOU is significantly linked to behavioural intention (BI) to use, both directly and indirectly via its impact on PU [41, 42] . PU has been confirmed in numerous previous studies to be a robust determinant of (BI) to use (e.g., [9, 19, 21, 44] ). Almost all of the prior studies tested the effect of PU on BI.
The research model involves testing several sets of hypotheses. The general and specific study hypotheses are as follows. Hypothesis 1. PEOU of the e-learning system is directly and positively influenced by each of the antecedents in the model. Specifically, PEOU of the e-learning system is positively influenced by SI (H1a), FC (H1b), SE (H1c), and PENJ (H1d).
Hypothesis 2. PU of the e-learning system is directly and positively influenced by each of the antecedents in the model. Specifically, PU of the e-learning system is positively influenced by SI (H2a), FC (H2b), SE (H2c), and PENJ (H2d).
Hypothesis 3. BI to use the e-learning system is directly and positively influenced by each of the antecedents in the model. Specifically, BI to use the e-learning system is directly and positively influenced by SI (H3a), FC (H3b), SE (H3c), and PENJ (H3d).
Hypothesis 4. BI to use the e-learning system is directly and positively influenced by each of the core beliefs in the model.
Specifically, BI to use the e-learning system is directly and positively influenced by PEOU (H4a) and PU (H4b). Also, PU is directly and positive influenced by PEOU (H4c).
Hypothesis 5.
The relationships between BI to use and each of the antecedents are mediated by PEOU.
Specifically, the relationships between BI to use and SI (H5a), FC (H5b), SE (H5c), and PENJ (H5d), are mediated by PEOU.
Hypothesis 6. The relationships between BI to use and each of the antecedents are mediated by PU.
Specifically, the relationships between BI to use and SI (H6a), FC (H6b), SE (H6c), and PENJ (H6d), are mediated by PU.
Hypothesis 7.
The relationships between each of the antecedents and BI to use are sequentially mediated by PEOU and PU.
Specifically, the relationships between SI (H7a), FC (H7b), SE (H7c), PENJ (H7d) and BI to use are sequentially mediated by PEOU and PU.
Methods

Data collection and sample
The data for this study were obtained by using a questionnaire comprising statements on demographics and multiple items for each variable. All items were measured on a 7-point Likert-type scale (1 strongly disagree, 7 strongly agree). The items and the sources from where the items were adapted are presented in Appendix. A total of 220 students from three universities in Romania participated in this study. Of these, 58.2% were females. The students have used Moodle and WCL v2.7. 
Analytical procedures
Analysis and Results
Descriptive statistics
All mean scores are greater than 4.0, with a range of 4.87-5.40, indicating that variables were considered important in this study. The standard deviations ranged from 1.005 to 1.172, indicating a fairly narrow spread of scores around the mean. Both univariate and multivariate outliers were searched in the data set and since none of the cases appeared to be extreme, all the data were kept for analysis. Also, data normality was investigated in terms of skewness and kurtosis. The values were all within the recommended level, supporting the moderate departure from normality for all variables.
Measurement model
The measurement model fits the data well as can be seen in the overall fit indices (Table 1) .
We examined the convergent and discriminant validity of the model using the procedure outlined in [14] . The results are shown in Table 2 . The discriminant validity of constructs was examined through the squared correlations test [14] . The results in Table 3 show that the square root of the AVE for each construct is greater than the correlations involving the construct thus provides evidence of adequate discriminant validity. 
Structural model
With adequate psychometric properties in the measurement model, the structural model was examined. SEM with AMOS 7 was performed to identify the links between variables and to test the hypotheses. As shown in Table 1 , all the overall fit indices suggested a good fit.
The standardized path coefficients and their significance (see Figure 2) show that all hypothesized relationships between the antecedents and the core beliefs (H1 and H2), and between the core beliefs and BI to use (H4a, H4b), and between the core beliefs (H4c) were statistically significant at or above the 95% confidence level. Regarding the influence of the antecedents on BI to use, H3a was supported, while H3b, H3c and H3d were not supported.
The explained variances (R2) of PEOU, PU and BI show a good predictive validity.
Note: * p < .05 ; ** p < .01 ; *** p < .001. 
Mediation effects
In this study, the author tested a three-path mediated effect [37] . The advantage of this approach is that we were able to isolate the indirect effects of both mediators, PEOU and PU. This approach also allowed us to investigate the indirect effect passing through both of these mediators in a series.
Mediating effects were tested by procedures developed by Hayes [16] and Preacher & Hayes [32] . Many researchers [25, 32, 34, 35] recommended and advocated using bootstrapping method as a robust means for assessing significance of the indirect effects. This study used bootstrapping for obtaining asymmetrical confidence limits for indirect effects. Specifically, it used 5.000 bootstrap resamples to generate 95% bias-corrected confidence intervals for the indirect effects. According to [16] , the indirect effects are reported in unstandardized form.
First, the significant parameter estimates were found for indirect effects of the antecedents on PU through PEOU, on BI through PU, and on BI through both PEOU and PU. The all the specific indirect effects through the each of mediators were found significant, because zero is not included in the 95% confidence interval. Therefore, the general hypotheses H5 and H6 are supported.
Moreover, following the suggestions of Preacher & Kelly [33] and the online calculator (http://stats.myresearch survey.com /kappasquared) provided by Ian Rothmann, the kappa squared (k2), which is a new and robust effect size measure for mediation models, was computed in order to examine the importance of the mediating role of PEOU and PU. As recommended by authors, the k2 measure can be interpreted using Cohen's guidelines defining small (0,01), medium (0,09) and large (0,25) effect size. For example, as shown in Table 4 , for SE→PEOU→BI the estimate of k 2 was 0.097 and can be interpreted as a medium effect size. For all the other mediated relationships, the mediating effect size was small. Second, Table 5 shows that the all the total indirect effects of the antecedents on BI to use are sequentially mediated by PEOU and PU. None of the confidence intervals included zero, so the general hypothesis of mediation (H7) was suported. For example, the total indirect effect of social influence (SI) through both PEOU and PU was found significant with point estimate of 0,060 and the 95% confidence interval (0,025-0,121) did not include zero. Third, it is of interest to investigate whether the two indirect effects differ significantly. By applying the equations suggested in [16, 26] , examination of the contrast shown that the specific indirect effects through PEOU are larger than the specific indirect effects through PU, for all the mediated relationships. However, calculations of all possible pairwise comparisons between specific indirect effects have shown mixed results regarding of the significant differences.
Finally, it should be noted that the direct link between social influence and BI was found to be significant, indicating that the effect of SI on BI is partially mediated by PEOU and PU. The direct effect of other antecedents (FC, SE, and PENJ) was found to be non-significant, indicating that these relationships are fully mediated by PEOU and PU.
Discussion
Overall, the proposed model demonstrated good fit with the sample data. Further, twentyfour of the twenty-seven specific hypotheses were found to be significant.
This study was found that both PEOU and PU are important factors in determining the acceptance of e-learning systems. The effect of PEOU on PU in TAM research has been empirically confirmed in literature. If elearning systems are perceived to be easy of use, students may perceive them as being useful. This finding supports existing studies showing a strong relationship between PEOU and PU, as proposed by Davis et. al. [12] .
The findings of this study show that all the external variables influenced positively and significantly core beliefs, but their influence on PEOU are all higher than their influence on PU.
The results indicated that self-efficacy was the strongest antecedent which influenced PEOU and PU (β=0. In addition to having direct effects, the antecedents also have indirect effects on PU and BI. Therefore, PEOU and PU may function as mediators in the relationships between the antecedents and BI.
Self-efficacy has positive effects on students' PEOU and PU of e-learning systems. Students who were highly confident in their computer skills were more likely to perceive e-learning systems as being easy to use and usefulness, which, in turn, led to higher BIs to use elearning systems. The finding is also supported by the previous studies (e.g., [9, 21, 23, 42, 44] ).
This study shows the social influence is significantly associated with PEOU and PU and in turn related to BI to use. The students are influenced by the colleagues, and thus they believe the e-learning system must be useful in its purpose, and further intend to use it. This finding is consistent with several prior studies (e.g., [2, 8, 27] ).
This study found that perceived enjoyment is a important antecedent of PEOU and PU, suggesting that an enjoyable learning experience is increasing the ease of use and the usefulness, and further BI to use the e-learning system. This finding is consistent with several prior studies (e.g., [8, 9, 44] ).
While facilitating conditions (FC) did not have much direct effect on BI, FC had small indirect effect on BI, suggesting that FC had a more effective influence on BI when it was mediated by PEOU and PU. FC had a significant influence on PEOU and PU. This suggests that when students perceived an adequate level of support (e.g., technical support), they tend to view technology as an easy to use and usefulness tool.
This study was found that the relationships between BI to use and the each of the antecedents are mediated by each of the core beliefs (PEOU and PU). Furthermore, the relationships between the each of the antecedents and BI to use are sequentially mediated by PEOU and PU.
As noted by Venkatesh & Balla [41] , TAM consistently explains about 40% of the variance in individuals intention to use an IT, and TAM3 explained between 40% and 53% variance in behavioral intention. In this study, 67% of the variance of BI to use the e-learning system can be considered very good.
The results indicate that the proposed model is a theoretically sound model which can be used to predict students' behavioral intention to use e-learning systems. By applying the proposed model, this study may help practitioners and researchers to understand better the antecedents of PEOU and PU in e-learning environments.
Conclusions
The objective of this study is to contribute to the improvement of models of technology acceptance. Drawing on the findings from extant literature on technology acceptance, this study developed and tested a multiple mediator model using the TAM3 framework and concepts. The study proves that relationships between behavioral intention to use and the each of the antecedents -social influence, facilitating conditions, self-efficacy, perceived enjoyment -are mediated by the perceived ease of use and perceived usefulness. The empirical results provide support for the proposed model.
As noted by Pituch & Lee [31] , whereas some researchers have found that core beliefs fully mediate the relationships between external factors and technology use, other researchers have found direct effects between such external factors and technology use.
There are inherent limitations of this research that should suggest some research directions. Firstly, while this study has been conducted with methodological rigour, the findings should be used with caution. Since this study only examines the acceptance of e-learning system using a convenience sample from Romania, the results may not be generalised to other systems and cultures. Secondly, as the study was crosssectional, it was not possible to establish a causal model explaining the above-mentioned relationships. Longitudinal design could be employed to examine these relationships and to reach more valid conclusions.
Despite its limitations, this study has value as its findings provided several theoretical and practical implications. In the development and validation of the theories of educational technology acceptance, researchers should take into consideration individual, social, and organizational factors. When implementing elearning systems it is important to focus on usefulness and ease of use. Finally, in the selection of potential e-learning systems it is advisable to prioritise external factors. 
PU2
Using the e-learning system will improve my learning performance PU3
Using the e-learning system will increase my learning productivity PU4
Using the e-learning system will enhance my effectiveness in learning PU5 I find the e-learning system useful in my learning Perceived Ease of Use PEOU1 Learning to operate the e-learning system is easy for me Davis, 1989 I think using the e-learning system is exciting ENJ3 I think using the e-learning system is fun ENJ4 I think using the e-learning system is interesting Behavioral Intention to Use BI1 If I could, I would like to continue using the e-learning system in my activities in the future Chiu & Wang, 2008; BI2 It is likely that I will continue using the e-learning system in the future. BI3 I expect to continue using the e-learning system in the future
